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1.
Introduction and plan of the study
The topic "knowledge and technology transfer" has spurred great interest among academic researchers and policy-makers since many years. The interaction of business sector and science institutions through the exchange of knowledge and technology has become a central concern not only for applied economics but also for economic policy in the last years. 1 In a knowledge economy, science is exerting an increasingly large influence on innovation, especially in fast-growing knowledge-intensive industries. Thus, the extent and intensity of industry-science relationships is considered to be a major factor contributing to high innovation performance, either at the firm-level, industry-level or country-level (see OECD   2002 ).
Experiences of the USA suggest that research excellence of publicly financed science institutions and commercialization of research results by private enterprises are compatible goals which reinforce each other, if both sides adopt a long-term perspective (as e.g. in aerospace, computers and telecommunication). However, there is accumulating evidence that many OECD countries are lagging behind in terms of KTT. The interface between business firms and science institutions, especially universities, has to be improved and as a consequence knowledge and technology transfer activities have to be intensified. Also in Switzerland it is asserted by many observers that the industry-science interface is far from being satisfactory (see e.g. Zinkl and Huber 2003) .
Particularly in the view of policy-makers an intensive exchange of knowledge is not a goal by itself but a means to seizable economic benefits. Measuring the impacts of transferred knowledge and technology is a methodological challenge for economists because the impacts are usually numerous and they are almost always difficult to separate from other parts of firm activities. In many instances, determining the meaning of knowledge transfer "effectiveness"
proves to be a difficult task. (2000) for recent reviews of the central issues related to this question; for reviews of the related econometric issues see e.g. Klette et al. (2000) ; Hall and Van Reenen (2000) .
production factor. The data used in the study were collected by means of a survey of Swiss enterprises that took place at the beginning of 2005.
New elements of the analysis are: (a) the differentiated measurement of a wide spectrum of KTT activities covering 19 single forms of KTT activities (see table A.2 in the appendix); (b) the use of alternative methods for estimating the impact of KTT activities on innovation and economic performance (matched-pairs analysis, innovation and productivity equations); (c):
the wide coverage of industries and firm size classes (manufacturing, selected service industries, construction; firms with at least 5 employees). This is the first study on this topic for Switzerland.
In section 2 we present a summary of empirical literature. Section 3 deals with the data used in this study. In section 4 we present the firms' assessment of the impact of KTT activities on their R&D activities as well as their innovation performance. In the next section we introduce a simple model of innovation performance and test the hypothesis of KTT activities correlating positively with innovation performance measured e.g. by the R&D intensity or the sales share of innovative products. In a further step we investigate in section 6 the same hypothesis in a different setting by comparing the innovation performance between firms with and firms without KTT activities with the help of matched-pairs analysis based on two different matching methods. Finally, in section 7 we construct a labour productivity model including KTT activities; we test (a) the hypothesis that this factor exercises a positive influence on productivity, and (b) that this positive effect is channelled mainly through R&D activities. Section 8 contains a summary and some conclusions.
Summary of empirical literature
We distinguish three groups of empirical studies: (a) studies investigating the impact of KTT activities on the innovation performance at firm level based on direct measures of KTT activities emphasizing formal R&D co-operation and/or the intensive use of university knowledge as external knowledge source via publications, educational activities etc. (10 studies; table 1a); (b) studies investigating the impact of KTT activities through knowledge spillovers from universities and other public research institutions building a firm's "knowledge environment" but without information on explicit firm-university links (table 1b; 4 studies); (c): studies dealing with the impact of KTT activities on firm economic performance measured, e.g. by labour productivity, total factor productivity, sales growth and so on (table 1c; 4 studies). The main criterion for the choice of the studies reported in the tables 1a, 1b and 1c respectively was that the studies should be based on firm-level data.
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Most of the studies that are based on direct measures of KTT activities, primarily R&D cooperation and/or intensive use of university knowledge as an external knowledge source, found a positive effect of KTT activities on different measures of innovation performance such as the propensity of registering an innovation for patenting, the number of patents applications, the R&D intensity, the introduction of product and/or process innovations as well as the sales share of innovative products. This was particularly the case for R&D cooperation in European countries (Germany, France, Sweden). However, a study dealing with projects supported by the Advanced Technology Programme (ATP) in the USA could not find any significant effect of university participation in such projects on the generation of new technology applications. Moreover, university participation showed even a negative effect on the expectation of commercialization of new inventions.
All studies reported in table 1b are referring to the USA and are based on knowledge spillover variables. University R&D expenditures and some measure of geographic coincidence of industry and science are used to construct these spillover variables. The results demonstrated that university research exercises a significant positive influence on industry R&D. With respect to the relevance of the geographic coincidence of universities or government labs and firms the evidence from these studies is mixed.
Finally, most studies investigating the impact on economic performance found a positive effect either on labour productivity, sales productivity with respect to innovative products or sales growth. However, a study of Italian firms could not identify a positive contribution of research collaboration with universities to firm performance. A study on the technology programmes of the European Union found an improvement of economic performance of the participants of the EUREKA Framework but not of the 3 rd and 4 th Framework Programme for Science and Technology (FPST).
On the whole, the results are indicative but not completely comparable because some of the observed differences can be traced back to differences with respect to the sectors and industries covered in the studies, the specification of the variables of KTT activities and the nature of the investigations (cross-sectional versus longitudinal approach).
Data
The data used in this study were collected in the course of a survey of Swiss firms that yielded data on the incidence of KTT activities, on forms, channels, motives and impediments of the KTT activities as well on some basic firm characteristics (innovation and R&D activities, investment, sales, exports, employment and employees' vocational education. 4 The survey was based on a (with respect to firm size) disproportionately stratified random sample of Further, we used the multiple imputations technique by Rubin (1987) to substitute for missing values in the variables due to item non-response (see Donzé 2001 for a detailed report on these imputations). The estimations were based on the mean of five imputed values for every missing value of a certain variable. To test the robustness of this procedure we estimated the innovation models (section 5) and the productivity model (section 7) also for the original data without imputed values and compared the results. This comparison showed relatively high robustness of the estimated parameters.
Firms' assessment of the impact of KTT activities on innovation performance
The firms were asked to report their assessment of possible impacts of KTT activities on their R&D and innovation activities respectively. Particularly, they were asked if the undertaken In general, the above-mentioned effects were stronger in manufacturing, particularly in the high-tech sector than in the economy as a whole. For firms in knowledge-based service industries the human capital effect was considerably higher than the average of the economy.
There is a tendency for smaller firms to benefit more from KTT activities than large firms with respect to the acquisition of new knowledge and the development of product and process innovations; large enterprises seem to benefit more than small ones with respect to the recruitment of R&D personnel.
In sum, the development of new products and/or new processes as well as the augmentation of human capital were according to firms' assessment the most relevant impacts of KTT activities on R&D and innovation. Thus, there is some preliminary empirical evidence that KTT activities do have a discernible positive impact on innovation performance.
Impact of KTT activities on innovation performance I: a model of innovation and technology transfer

Main hypotheses, model specification and estimation method
Our main hypothesis is that KTT activities would improve the innovation performance of firms. This KTT effect could be traced back to an increase of technological opportunities anticipated by firms due to university-industry knowledge transfer. This would include effects from a wide palette of KTT activities such as exchanging scientific and technical information, various educational activities (e.g. recruitment of R&D personnel form the universities, joint PhDs, specialized training courses), consulting, use of technical infrastructure, and, of course, co-operation in research. The prominent role of technological opportunities as a major supplyside determinant of innovation is often emphasized in literature (see e.g. Klevorick et al. 1995 ; for the empirical relevance of technological opportunities for Swiss firms see Arvanitis and Hollenstein 1996) . We further hypothesize that R&D activities which are closely related to knowledge generation would be stronger enhanced by the interaction with universities than activities which are near to the market launching of a new product (e.g. construction of prototypes, test production, market tests for new products, etc.).
We estimated an equation for the logarithm of R&D intensity (LRSDS; R&D expenditure divided by sales), the logarithm of the sales share of new products (LNEWS) and the logarithm of the sales share of significantly modified already existing products (LIMPRS).
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The resource endowment of the firm is besides firm size the most important determinant of innovation performance taken into consideration in our model. We used as independent variables proxies for the intensity of human capital (LQUAL; logarithm of the share of employees with tertiary-level education), the intensity of physical capital (LCI: gross investment per employee), the affiliation of the firm (FOREIGN; foreign firm yes/no), and control variables for firm size (6 dummy variables) and 2-digit industry (12 dummy variables However, being involved in KTT activities is not exogenous to innovation activities.
Innovative firms have a tendency to acquire external knowledge, particularly science-based knowledge, to complement the in-house generated know-how. We accounted for this endogeneity effect by estimating a second version of each innovation equation, in which the variables for KTT activities (KTT; EDUC2; REAS) were instrumented. As instruments were used a series of firm characteristics which are relevant for KTT activities but do not correlate strongly with the innovation variables. These were the export intensity (logarithm of exports 5 In order to be able to calculate the logarithms of R&D intensity for firms without R&D expenditures, thus LRDS=0, we put these firms at the minimum value of R&D intensity of the firms with R&D expenditure which was 0.00001. We then calculated the logarithms of RDS and substracted log(0.0001)=-11.513 to get 0 values for the firms without R&D expenditures. The minimum value for the sales share of new products was 0.4, thus LNEWS=-0.916, for the sales share of considerably modified already existing products 0.6, thus LIMPRS=-0.511; also in this case we performed a linear transformation of the data in order to get zero values for the firms without sales of innovative products. we estimated a tobit model for each of the three innovation variables that were downward censored at 0. Positive effects of LQUAL and LCI respectively were found also for the variables LNEWS and LIMPRS which showed quite similar results (column 3 to 6 respectively). In the case of these two dependent variables the coefficients of both independent variables LQUAL and LCI In sum, KTT activities seem to improve considerably the innovation performance of firms both in terms of R&D intensity and sales of innovative products. The positive effect of overall KTT activities on all three innovation measures can be obviously traced back mainly to research and educational activities in co-operation with universities and other research organizations.
Results
6.
Impact of KTT activities on innovation performance II: a matched-pairs analysis
Main hypotheses, model specification and estimation method
Our main hypothesis is that KTT activities, particularly research projects and/or educational activities in co-operation with universities, would show on average a significantly higher innovation performance, measured both through input (e.g. R&D expenditure as a percentage of sales) and output innovation measures (e.g. sales share of innovative products), than "structural similar" firms without such activities. To show this, we also used matched-pairs analysis which can be viewed as an alternative approach to the innovation model presented in the previous section.
In order to measure appropriately the influence of KTT activities ("treatment effect") 7 on a firm's innovation performance we should be able to measure the performance difference of the two "states" (involved / not involved in KTT activities) of a firm, keeping all other things equal. Mostly is only one of these two possible states observable: either is a firm involved or not involved in KTT activities. Thus, the proper comparison of these states is in most cases not possible. Heckman et al. 1998 developed a methodology to approximate this nonobservable ("counterfactual") state of a certain firm with the observable same state of another firm which is "structurally similar" to the first one according to a series of firm characteristics formally defined by a vector X. Thus, besides the group of firms which are KTT-active we need a pool of firms which are not KTT-active (control group) out of which "structurally similar" firms are selected according to a "proximity" criterion. The comparison of the two states for KTT-active firms and firms which are not KTT-active is performed by comparing the means of the innovation performance variables for the "treated" firms and the "twin"
"non-treated" firms matched to the "treated" ones according to the used proximity criterion.
The multi-dimensionality of the matching problem (matching with respect to each single element of vector X) can under certain conditions (see Rosenbaum and Rubin 1983) reduced to a mono-dimensional (scalar) propensity score which comprehends the entire information of all relevant characteristics. If Y 1i is a vector of innovation measures for the treated firm i [i∈(d=1)] and Y 0i the corresponding vector for a firm j belonging to the control group [j∈(d=0)], which is the twin firm to firm i, then the performance difference between the two firms is defined as:
(1)
In a first step we estimated the propensity scores P(X) by applying a probit model of the probability of a firm to get involved in KTT activities (dichotomous variable KTT). As independent variables X we used variables for a firm's endowment (LQUAL; LCI; RD), for the degree of exposition to international competition (LEXP), for firms' affiliation (FOREIGN), a series of impediments of KTT activities (OBSTACLE1 to OBTACLE5) and a series of dummy variables controlling for industry, firm size and geographical location (see In a second step all firms were distributed to adjustment cells according to the quintiles of the estimated propensity scores. The search for a "twin" firm is then restricted only to the firms of the same adjustment cell, i.e. quintile of propensity scores.
In a third step the "structurally similar" firm inside an adjustment cell was identified for each treated firm. We used three different matching methods to identify the structurally similar firms out of the pool of the non-treated firms. 9 According to the first method used in this study, nearest neighbour matching, the "twin" firm j to firm is one fulfilling the condition:
whereas P i , P j are propensity scores for the firms i and j respectively. The treated firm can have a higher or a lower propensity score than the non-treated one, therefore the absolute value of the difference of the two propensity scores has to be considered. The second method used in this study, caliper matching, is based on the same proximity measure as the nearest neighbour method which in this case is restricted up to a certain value ε (maximum admissible difference of the propensity scores): According to the third method, kernel matching, a weighted sum of all available control group firms inside an adjustment cell, not a single "twin" firm as in the other two methods, is ascribed to every treated firm. The performance difference between the treated and the nontreated firms is now defined as:
with:
0 N : number of observations in the control group; 1 N : number of observations in the group of the KTT-active firms;
8 Firms with a focus in educational activities without the additional restriction "taking the value 0 for the variable REAS" (as in variable EDUC1 in section 5) could not be compared with other firms because the number of available control firms is in this case considerably lower than the number of treated firms; 414 firms out of 635 KTT-active firms assessed educational activities as very important (values 4 or 5). 9 We used the kernel method in addition to the other two methods in the case of the KTT variable (KTT-active firms vs. firms without KTT activities); see table 6c.
The weighting factor in equation (4) is defined as:
The band-width was set specifically for every adjustment cell. Also in this case the choice of the band-width was dependent on the distribution of the propensity scores in the adjustment cells.
In a fourth and last step the means of the variables measuring innovation performance of the group of the treated firms and the group of the "twin" non-treated firms were compared. We used five innovation variables: (1) R&D expenditure as a percentage of sales; (2) percentage reduction of average variable production costs due to process innovation; (3): sales of new products as a percentage of total sales; (4): sales of significantly improved or modified (already existing) products as a percentage of total sales; (3): the sum of sales of new products and significantly improved or modified (already existing) products as a percentage of total sales.
Results
Treatment effect: KTT activities
Tables 5a, 5b and 5c contain the results of the nearest neighbour, the caliper and the kernel matching method respectively for the comparison of active and non-active firms with respect to overall KTT activities. The differences of the R&D expenditure as a percentage of sales, the cost reduction due to process innovation and the sales share of new products are all significant at the test level of 5% for all three methods (column 4 in the tables 5a, 5b and 5c). Thus, treated firms have a significantly higher innovation performance than non-treated firms. It is quite remarkable that KTT-active firms are better than non-active ones with respect to new products. This is not the case for significantly improved or modified products; for them the difference of the sales shares is statistically insignificant. The results are quite robust with respect to the three matching methods used. 10 We used for the function ( )
. G a "biweight kernel" (quartic kernel) which is defined as follows: Treated firms show on average an R&D intensity, which is about 75% to 100% higher than that of the non-treated firms (see row 1 in all three tables). The cost reduction due to process innovation is about 30%, the share of new products about 13% to 21% higher than in the case of non-treated firms (see row 2 and row 4 respectively in all three tables).
Treatment effect: focus to specific KTT activities
We compared also the innovation performance of firms assessing besides other activities research co-operations with universities as a highly important part of their KTT activities. In this case the treated firms are those for which the dichotomous variable REAS takes the value 1, non-treated firms are those with the value 0. According to the results reported in the tables 6a and 6b firms with a focus in research co-operation are not significantly more R&D intensive than firms without such a focus, but they are more innovative in terms of sales shares of new products (row 4 in the tables 6a and 6b respectively). On the contrary, researchoriented firms are significantly less effective than other firms with respect to sales shares of improved products (row 5) and cost reduction due to process innovation (row 2).
Also firms focusing to educational activities (without significant research co-operation; the variable EDUC2 takes the value 1) are not more R&D intensive than other firms (row 1 in the tables 7a and 7b respectively). Contrary to research-oriented firms, these firms are better than the rest of the firms in terms of significantly improved or modified products (row 5) and innovation-driven cost reduction (row 2). A stronger research orientation seems to contribute to a higher performance with respect to product innovation.
The results for the rather few firms concentrating to consulting activities (value 1 of the variable CONS) or to activities related to technical infrastructure (value 1 of the variable INFR) show that no discernible differences of innovation performance in comparison to other KTT-active firms could be found (tables 8a to 8b).
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The findings are quite robust with respect to the two matching methods used.
Impact of KTT activities on economic performance: a model of labour productivity
Main hypotheses, model specification, and method
Our main hypothesis is that KTT activities would contribute as an additional production factor to an improvement of labour productivity of KTT-active firms compared to firms that are not involved in such activities. The overall positive KTT effect could be traced back, first, to a direct link to productivity. Thus, we expect a significantly positive coefficient for the KTT variable. This direct effect would include effects from a wide palette of KTT activities such as exchanging information, various educational activities (e.g. recruitment of R&D personnel, joint PhDs, specific training courses), consulting, use of technical infrastructure, and, of course, co-operation in research. Second, we further hypothesize that the main effect of research co-operation with universities would be channelled through the firms' R&D activities. This means that we expect firms with KTT activities to have a significantly higher elasticity of R&D with respect to labour productivity than firms without such activities. Behind this hypothesis is the idea that university knowledge would enhance the effectiveness of R&D with respect to economic performance by complementing, not substituting, in-house knowledge.
We estimated an equation for the logarithm of value added (sales minus intermediate inputs) per employee (Q/S) (see table 11 ). The productivity equation contained proxies of the intensity of human capital (LQUAL; logarithm of the share of employees wit tertiary-level education), physical capital (LCI; logarithm of gross investment per employee) and knowledge capital (R&D expenditure divided by sales), further a dummy variable for firm affiliation (FOREIGN; foreign firm yes/no) and dummy variables for firm size and 2-digit industries. We expected positive effects for the resource endowment variables LCI, LQUAL and LRDS. The signs for the variable FOREIGN as well as for the firm size dummies are not a priori clear. Finally and most important, model 1 contained the variable KTT (KTT activities yes/no), model 2 the variable KTT and instead of LRDI the "switch" variables LRDS(KTT=1) and LRDS(KTT=0) respectively. The former variables takes the value of LRDS, if KTT=1, otherwise the value 0; the latter variable takes the value of LRDS, if KTT=0, otherwise the value 0. In this way we are able to estimate the elasticity of R&D intensity with respect to labour productivity separately for the firms with KTT activities and those without KTT activities.
However, being involved in KTT activities is not exogenous to other firms' activities. Innovative firms have a tendency to acquire external knowledge, particularly science-based knowledge, to complement their in-house generated know-how (see also section 5). We accounted for this endogeneity effect by estimating a second version of each productivity equation (model 1 and model 2 respectively), in which KTT was instrumented. As instruments were used a series of firm characteristics which are relevant for KTT activities but do not correlate with the innovation variables. In a first step we estimated a probit model for KTT (see table A.4 in the appendix). Based on the parameters of this model we calculated values for KTT, which were then inserted as independent variables in the productivity equations. In a second step we estimated an OLS model for each of the two productivity equations.
Results
As expected, the coefficients of the variables for resource endowment (LCI; LQUAL, LRDS) are positive and highly statistically significant (see table 11 ). The elasticity of gross investment per employee is 0.045, meaning that an increase of 1% of this variable is correlated with an increase of 0.045% of labour productivity (column 1); the elasticity of the share of employees with tertiary-level education is of the same magnitude (0.043). These elasticities are quite stable across the model versions presented in table 9. In accordance to earlier studies (see e.g. Arvanitis and Hollenstein 2002), the elasticity of R&D intensity is considerably lower than that of physical capital and human capital respectively (0.11; column 1). It becomes smaller and statistically insignificant in model B with instrumented KTT due to the high multicollinearity between these variables (see also the correlation matrix in table A.5). The coefficient of the variable FOREIGN is also positive and highly significant, which can be interpreted as a hint that foreign firms are, after controlling for all other factors, more productive than domestic ones.
Now we turn to the technology transfer variable KTT. In the first version (without instrumentation of KTT) of both models 1 and 2 the coefficient of the variable KTT is unstable and statistically insignificant (column 1 and 2). It becomes positive and highly significant in the second version (instrumented KTT) of both models 1 and 2 (0.072 and 0.076 respectively; column 3 and 4). An economic interpretation of these coefficients is that on average a switch from a firm without KTT activities to a firm that is involved in such activities, is correlated to an increase of 6.9% and 7.3% of labour productivity. 12 It seems that a direct link of KTT activities to productivity does exist. The estimates of both versions of model 2 that an important indirect channel of KTT activities is related to R&D activities. In both estimates only the coefficient of the variable LRDS for the group of KTT-active firms is positive and statistical significant (0.011 and 0.017 respectively); the coefficient of the same variable for the group of firms without KTT activities is considerably smaller and insignificant (0.008 and 0.05 respectively). This result shows clearly that KTT activities, particularly research activities in co-operation with universities, enhance the performance effectiveness of a firm's R&D as measured by the elasticity of R&D intensity with respect to labour productivity. In this case an increase of 1% of R&D intensity is correlated with an increase of labour productivity of 0.017% and 0.011% respectively (column 2 and 3 in table 11). Also in this case the warning with respect to causal conclusions based on cross-section investigations already mentioned in section 5 has to be kept in mind.
In sum, KTT activities seem to exercise a positive influence on labour productivity both through a direct effect as well as through an indirect effect by raising the elasticity of R&D intensity with respect to labour productivity.
Summary and Conclusions
This study investigated the impacts of a palette of Knowledge and Technology Transfer (KTT) activities (general information, educational and research activities, activities related with technical infrastructure, and consulting) (a) on several innovation indicators (a 1 ) in the framework of an innovation equation with variables for endogenized KTT activities (overall activities, specific forms of activities) as additional determinants of innovation, and (a 2 ) based on a matched-pairs analysis for several forms of KTT activities; (b) on labour productivity in the framework of a production function with endogenized KTT activities as an additional production factor.
In sum, KTT activities with research institution and/or institutions of higher education seem to improve considerably the innovation performance of firms both in terms of R&D intensity and sales of innovative products. Moreover, the positive effect of overall KTT activities on all three innovation measures can be traced back mainly to research and educational activities in co-operation with universities and other research organizations. This could be shown by several methods: the innovation equation approach with endogenized KTT variable as well as three matching methods.
The matched-pairs analysis yielded further interesting results. Firms with a focus to research activities showed a significantly higher sales share than structural similar firms with a different focus of KTT activities for both categories of innovative products (new products; considerably modified already existing products). Firms concentrating to educational activities without a focus in research co-operation showed a better performance with respect to innovation-induced cost reduction as well as the sales share of significantly improved products than structural similar KTT-active firms without such a focus. Firms with a focus either on consulting or technical infrastructure did not differ from structural similar firms with other forms of KTT activities in any type of innovation activities.
Finally, KTT activities seem to exercise a positive influence on labour productivity both through a direct effect as well as through an indirect effect by raising the elasticity of R&D intensity with respect to labour productivity.
New elements of the analysis are: (a) the differentiated measurement of (the range of) KTT activities covering 19 single forms of KTT activities; (b) the use of alternative methods for estimating the impact of KTT activities on innovation and economic performance (matchedpairs analysis, innovation and productivity equations); (c): the wide coverage of industries and firm size classes (manufacturing, selected service industries, construction; firms with at least 5 employees). The main drawback of the study is the lack of data for more than one points of time which does not allow the confirmation as well elaboration of the cross-sectional findings in a longitudinal framework. We hope to be able to offer some remedy for this problem in the near future. Data from a survey in three German regions (Baden, Hanover-Brunswick-Goettingen, Saxony) comprising all enterprises with ten or more employees (1800 firms); cooperation with public research institutions (yes/no); external funds attracted by public research institutions
The indicator for R&D co-operations with public research institutions as well as the logarithm of external funds attracted by public research institutions impact positively the propensity to register at least one innovation for patenting but not the number of innovations registered for patenting. Lööf and Broström (2005) Expenditures on R&D, patents applications, sales share of new products Data from the Community Innovation Survey for Sweden for the period 1998-2000 for 790 firms (after the elimination of low R&D sectors and all firms without R&D or other innovation expenditures)
A comparison of R&D collaborating with non-collaborating firms based on a matched-pairs analysis showed that in the case of collaborating firms knowledge diffusion from academic research contributed to an increase in total R&D expenditures. Furthermore collaborating firms showed a greater R&D productivity in terms of sales of innovative products and patent applications. Deflated sales: impact is positive and statistically significant. Coefficient implies that a 100% increase in citations generates 2%-3% increase in productivity. New product introduction (bio nexus): impact is positive and significant. Coefficient implies that a 100% increase in science citations yields 70% more approved products. (8): dummy variable for high-tech manufacturing: chemicals, plastics, machinery, electrical machinery, electronics, instruments and vehicles; (9): dummy variable for lowtech manufacturing: all other manufacturing industries; (10): dummy variable for knowledge-based services: banks, computer services, business services; (11): dummy variable for traditional services: wholesale trade, transportation; reference sector: construction; 6 dummy variables for firm size; reference firm size class: 5-19 employees; ***, **, * denote statistical significance at the 1%, 5% and 10% test level. 
